Forty-two strains of 'Bacterium salmonicida ', six o i a non-pigmented fish pathogen and forty-two Aeromonas strains were compared morphologically, culturally, biochemically and metabolically. The results, which were computed electronically, showed a distinct difference between ' B.
INTRODUCTION
The causal organism of furunculosis of the Salrnonidae was originally called 'Bacterium salmonicida' (Lehmann & Neumann, 1896) , though Marsh (1902) later cited it as 'B. trutta'. Since its systematic position is in doubt, the former name will be used here, though it is an illegitimate name. Recently, however, some workers, including Griffin, Snieszko & Friddle (1953a) , Eddy (1960 Eddy ( , 1962 , Ewing, Hugh & Johnson (1961) , and Schubert (1961) , have classified the organism as one of the genus Aeromonas. The strains of this organism isolated at the Marine Laboratory, Aberdeen, did not fall into the genus Aeromonas when classified according to Skerman (1957) because of weak gas production from glucose. Several strains of this organism have now been collected and exa.mined to determine whether they belong to the same species and are in fact members of the genus Aeromonas. The organisms were compared with another fish pathogen and some organisms belonging to the genus Aeromonas.
METHODS

Strains.
The cultures of 'Bacterium salmonicida' and other organisms were obtained from the sources shown in Table 1 . All the cultures were incubated at 22' unless otherwise stated, and all the results were replicated. One loopful from a %day nutrient broth culture was used as the inoculum.
Morphology. Two-day and 7-day cultures in nutrient broth and on blood agar were examined by phase-contrast microscopy for size, shape, granulation and configuration, and the same cultures were examined after staining by Gram's method. Motilities were examined in %day peptone water cultures and preparations from %day nutrient agar slopes stained by Kirkpatrick's method were examined for the presence of flagella. Carbohydrate utilization in peptone medium. The fermentation of carbohydrates was examined in 1 % Difco peptone water with Andrade's indicator. The media were sterilized by Tyndallization and the gas production recorded as positive when more than one-tenth of the liquid in a Durham tube was displaced by gas. For a comparison of gas production in the presence of different peptones and from glucose sterilized by filtration and in buffered peptone, standard 50 mm. Durham tubes were used. The displacement of gas was measured to the nearest 0-5 mm. and the volumes expressed as a percentage. Hugh & Leifson's medium (1953) was used to determine the method of carbohydrate metabolism. The lactose sugars were read a t 7 and 40 days; the remainder of the sugar tests were read only a t 7 days.
The following tests were carried out as described by Mackie & McCartney (1960) unless otherwise stated.
MethyE red and Voges-Proskauer tests were performed in 7-day glucose phosphate peptone water cultures. Acetylmethylcarbinol was detected by Barritt's modification.
Indole production was tested by adding Ehrlich's rosindol reagent to 7-day peptone water cultures.
Nitrate reduction. After incubation for 7 days, Griess-Ilosvay reagents were added to nitrate broth cultures (Topley & Wilson's Principles, 1946 Presumptive test for 'Bacterium salmonicida '. Griffin, Snieszko & Friddle (1953 b) cultured organisms on a Trypticase-Yeastrel agar for 18 hr. On flooding the growth with p-phenylenediamine the development of a black coloration was taken as indicative of the presence of 'B. salmonicida'. The test was carried out as described by the authors above.
Feltham agar (1934).
1946).
water cultures ( Topley & Wilson's Principles, 1946) . culture in 20 vol. hydrogen peroxide (Sneath, 1956) .
clotting, proteolysis and reduction of litmus.
Growth in citrate was recorded after 7 days in Koser's medium. Gluconate oxidation was tested by the method of Sneath (1956). Production of 2,3-butanediol was determined after 1, 3 and 7 days' growth in glucose medium by Bullock's method (1961) .
Phenylalanine and malonate tests were done by the method of Shaw & Clarke (1955) .
Cellulase activity was estimated by the digestion of filter-paper strips in halfstrength peptone water after 7 days (Skerman, 1957, see p. 1019).
Sensitivity to antibiotics. Evans Senstests were applied to the seeded surface of nutrient agar plates and the results read after incubation for 1 day. The vibriostatic agent, 0-129 (Shewan, Hodgkiss & Liston, 1954) was incorporated in filterpaper discs and applied to the agar and read as above.
Growth at di_fferent temperatures was examined on solid media and the results recorded after 1 day a t 22" and 37' and after 7 days a t 5'.
Growth in various salt concentrations was examined in peptone water with 1, 3 and 8 % NaCl after 7 days' incubation.
Computation of the results. The results were tabulated, omitting the thirty features which were identical for all the strains examined. One hundred and eight features were treated as alternatives and three as quantitative ones. The statistical relationship was calculated by Mr J. C. Gower where tij is the total number of positive and negative matches and nij is the total number of features compared for the two strains i andj.
RESULTS
When the results were computed, it was found that they split into two definite groups at S = 75 (Mr Gower, personal communication). These consisted of (a) organisms 0-41 and 76-81, and ( b ) 42-75 and 82-90; i.e. the pigmented and nonpigmented 'Bacterium salmonicida ' formed group a and the Aeromonas strains group b. Increasing the S value divided the organisms further until, at S = 90, the five groups shown in Fig. 1 emerged. As can be seen in Fig. 1 the strains have been rearranged and from now on the groups will not be expressed in numerical sequence, but in the rearranged order found in Fig. 1 . Group I, 77-79, corresponded to the non-pigmented fish pathogen recently described and thought to be an achromogenic variant of 'B. salmonicida' (Smith, to be published); group 11, 0-40, to 'B. salmonicida' and groups 111,48,71; IV, 83-86; and V, 66-65, to the Aeromonas strains. The mean similarities of each group of organisms were calculated and these are shown in Table 2 . It is evident that each group has a high similarity within itself (except in the case of group V). Groups I and I1 have a similarity to each other of 76 yo, while only one of 47-5-64 yo to the other three groups. Likewise the latter three groups have a similarity of almost 70% to each other. The intra-group similarities for each member of groups I and I1 were calculated and they were found to lie between 93.5 and 95.8 yo in group I and 87.2 and 94.6 yo in group 11. In group I1 all but 7 of the 42 strains had a mean similarity of 90% or over. Groups I and I1 do not resolve further but group IV can be subdivided into 4 groups as shown in Table 3 . Group IVa consisted of 3 NCIB cultures but none of the other groups showed any homogeneity with regard to source or pathogenicity. 
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The gas production of 'Bacterium salmonicida' in glucose and mannitol was compared with that of the group IV Aeromonas strains. The results in Table 4 show that, in Difco peptone, 'B. salmonicida' produced less than 10 yo gas when the glucose medium was Tyndallized and even less when the glucose was Seitz-filtered or the medium buffered with 1 yo phosphate. Oxoid peptone gave much the same results but with Evans peptone the gas production was 10.8 yo with glucose. With the Aeromonas strains, the gas production was greater than 10 yo in all cases, except with filtered glucose when the amount was 9.8 yo. When the glucose was replaced by mannitol in the Difco peptone medium, 'B. salmonicida' produced a liquid displacement of 13.6 yo.
The results of the morphological, cultural, biochemical and metabolic tests are shown in Table 5 . In addition to those shown, all the organisms produced acid-from mannitol, maltose and fructose, but had no action on dulcitol and inulin; they were fermentative in Hugh & Leifson's medium ; methyl red negative; produced ammonia from peptone water; did not attack cellulose; grew in 1% but not in 8 % salt (except for slight growth of strain 54) ; were resistant to penicillin, bacitracin, novobiocin, oleandomycin and 0-129; were sensitive to streptomycin and chloramphenicol and they all grew at 22'.
DISCUSSION
The non-pigmented group (I) is very homogeneous (93.5-95.8 yo similarity) and this is not surprising since all the strains came from the same source. Another set of cultures has now been examined and found to have the same reactions as those recorded here but the results could not be included in the computer analysis.
The next group (11) 'Bacterium salmonicida' is also extremely homogeneou s as, with the exception of 7 strains, the mean similarities lie between 90 and 94.6 yo.
This is particularly striking because the organisms were isolated from fish from Scotland, England, Ireland, Wales, Sweden and the United States, and from Salmo salar, S. trutta, S. gairdnerii, Coregonus pollan, Crassius auratus, Esox lucius, Oncorhynchus kisutch and 0. tschawytscha. Further, the age of the culture does not appear to influence its properties as the NCTC culture had been isolated in 1954, whereas the others were mainly isolated in 1959 and 1960. The 7 exceptional strains, which have mean similarities of 87-90 yo, are not from any one source or species of fish, so that the strains of 'B. salmonicida' examined here cannot be separated into subgroups on the basis of source of specimen. The Aeromonas strains were much more heterogeneous and can be divided into no less than 6 subgroups. These have, within themselves, quite a close similarity but these groups were not found to correlate with pathogenicity of the organisms or with the source of the specimen.
From the tables of results used in the computer analysis, it was possible to choose a typical strain for a group, i.e. a strain which has all the majority characteristics of the group. In the case of 'Bacterium salmonicida', one strain, 20, was found to have all the majority features so it is suggested that it be used as the neotype. It conforms to the description of 'B. salmonicida' given by Lehmann & Neumann (1896) in that it is a non-motile, short rod, incapable of growth a t 37*, able to produce a brown pigment in agar and liquefy gelatin, to grow on the surface and in the 'Bacterium salmonicida ' 269 depth of solid media and to produce disease in salmonid fish. Strain 20 would therefore appear to be equivalent to the original 'B. salmonicida' strain. Ewing et al. (1961) suggested ATCC 14174 as the neotype of the species and it was examined in this series where it was designated strain 34. The strain was found to have a mean similarity of 89-4 % as compared with 94.52 yo for strain 20 and so did not have all the majority features of the group. In particular, strain 34 was found to be resistant to aureomycin, terramycin and tetracycline-a feature not recorded by Ewing et al. (1961) . This resistance to the above antibiotics was only found with one other strain (36), and it suggests that these two strains had been isolated from a stock of fish which had been previously treated with antibiotics. Such strains would therefore be mutants rather than wild types so, for this reason, strain 34 was thought to be an unfortunate choice as the neotype. Strain 20 along with strains of high (92.26) and low (87.2) similarities have been lodged with the National Collection of Marine Bacteria a t Torry Research Station, Aberdeen, where they have been given the numbers NCMB 1102, 1103 and 1104 respectively. (1103 is strain 2 and 1104 strain 28 of this series.)
When undisturbed cultures of newly isolated strains of ' Bacterium salmonicida ' are examined in broth, the growth is found to resemble that of the streptococci in that the liquid is clear and flocculi are adhering to the sides of the test-tube. This macroscopic appearance is not so evident after subculture but it can be reproduced in laboratory cultures by incubation at 5". Lehmann & Neumann (1896) also record the similarity of 'B. salmonicida' to the streptococci in its growth in broth, which remains clear except for a delicate growth on the walls of the test-tube near the surface of the liquid. Microscopic examination of liquid cultures of 'B. salmonicida ' reveals a characteristic appearance. The non-motile cocco-bacilli are found to be in short chains and clumps composed of these chains. This appearance is in complete contrast to that of the motile Aeromonas strains where single or pairs of organisms are scattered a t random over the field. Culturally, ' Bacterium salmonicida' differs from the Aeromonas strains in its production of a brown water soluble pigment and in the friable nature of its colonies. This latter friability is stable over a large number of subcultures. I n previous descriptions of ' Bacterium salmonicida ' or Aeromonas salmonicida, the organism has been described as producing very little gas from glucose (Ark- Wright, 1912) or as a gas producer (Griffin et al. 1953a; Eddy, 1960 Eddy, ,1962 Ewing et al. 1961 ; Schubert, 1961) . All the hundreds of strains of this organism isolated at the Marine Laboratory in the 9-year period 1953-62 produced very little or no gas from glucose but gave good gas production from mannitol. As gas production from glucose is a characteric feature of the aeromonads, the amount of gas present in the Durham tube was measured. Table 4 shows that 'B. salmonicida' produced a displacement of more than 10% only when Evans peptone was used in the medium. When the aeromonads are considered, it is noted that the greatest liquid displacement also occurred in the presence of Evans peptone but in this case the amount was 60%. This represented a threefold increase in the amount of gas produced in the presence of Difco or Oxoid peptones. The corresponding increase for 'B. salmonicida' was about 0.5 so it would appear that 'B. salmonicida' is not a vigorous gas producer. Buffered glucose was used to ascertain whether the lack of gas production was due to a decrease in the pH value of the medium inhibiting the fermentation process but 
Aeromonas strains
Even-staining, round ended, Gramnegative bacilli, length greater than twice width. Granular in phasecontrast preparations Gram-negative bacilli,length greater than twice width. In phase-contrast preparations, the organisms were non-granular a t 2 days but granular after 7 days. They were arranged in singles and pairs. (42, 51, 67, 69, 71, 82, 83, 85, 86, 87, 89 were organized in chains or clumps)
Even-staining, round ended, 
---* I = slight growth.
- (43, 56, 66, 69) -(4245, 47, 48, 51-53, 56, - (48, 51, 65, 71, 88) + (42, 43, 45, 51, 69, 74, 75) yo NaCl; grows a t 5" and 22" but not a t 37"; is resistant t o penicillin, erythromycin, neomycin, bacitracin, novobiocin, oleandomycin and 0-129 and sensitive to streptomycin, chloramphenicol, terramycin and tetracycline.
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I. W. SMITH this was not so. The filtration of the glucose did not result in any increase in gas production so heating of the glucose did not have a detrimental effect on gas production, With Aeromonas strains it should be noted that even with Seitz-filtered glucose or buffered glucose the displacement of the liquid was 9-8 yo or 10.4 yo so that definite gas production would be recorded in almost every case. The results confirmed the fact that 'B. salmonicida' produced more gas from mannitol than from glucose. In addition to an aeromonad being a vigorous gas producer, it is supposed to produce 2,3-butanediol from glucose. This characteristic has not been very assiduously applied to the genus in the past, probably owing to the lengthy procedure required to determine the compound. Bullock (1961) sugggested a very simple tube test employing piperazine and potassium ferricyanide after oxidation with potassium iodide; if the organism does produce 2,3-butanediol, a bright blue colour develops. This was tested on organisms which had been proved chemically to produce 2,3-butanedioI. The results showed good correlation for both the known positive and negative species so this test was employed in the study. In not one of the non-pigmented group or of the ' Bacterium salmonicida' strains could the compound be detected nor did they produce. acetylmethylcarbinol-the intermediate compound. This is not in agreement with Liu (1962) , who stated that one strain of 'B. salmonicida' did produce 2,3-butanediol when tested by the method of Neish (1952) . Of the 42 strains of Aeromonas, all but five (69, 74, 75, 82, 88) produced 2,3-butanediol. Two of these strains (69, 82) did, however, produce the intermediate compound so the degradation of glucose may have been incomplete in these instances. By contrast, one strain, 86, appeared to have degraded the glucose completely as in this case no acetylmethylcarbinol was detected although 2,3-butanediol was present. Griffin et al. (1953~) in their monograph, suggested that their results might justify transferring ' Bacterium salmonicida' to the genus Aerornonas, but they did not give any reason for this change, which has now been implemented (Snieszko, 1957) . Eddy (1960, 1962) stated that A. salrnonicida, despite its biochemical properties and lack of motility, should be retained in the genus Aeromonas but as a separate species. The present worker's results differ from those of Eddy (1960, 1962) in gas production from glucose, the fermentation of certain sugars and the phosphatase reaction. The findings of Ewing et al. (1961) differ from those given in this paper mainly in gas production and in fermentation of various sugars; these authors also found some phenylalanine dehydrogenase activity, weak or absent catalase activity and a positive methyl red test. They also thought that A . salrnonicida warrants species rank but not that a t present it should be removed from the genus Aeromonas. Schubert (1961) does not discuss the classification of A . salmonicida. He merely compares it with A. hydrophila and his results with the exception of the sugar reactions are in close agreement with those recorded here. From the results of this survey, it can be seen that 'Bacterium salmonicida' differs from the Aeromonas strains in size, shape, configuration and lack of motility, in its friable colony and brown water soluble pigment formation, in its flocculent growth in broth, its weak gas production from glucose, in its lack of late acid production from lactose, in its ability to produce acid from sucrose, in its failure to produce acetylmethylcarbinol or 2,3-butanediol; in its ability to reduce nitrate 'Bacterium salmonicida ' 273 to nitrite and in its inability to grow in Koser's medium. This means that, when Kluyver & van Niel's definition (1936) is applied, 'B. salmonicida' could not be included in the genus Aeromonas owing to its lack of vigorous gas production, lack of motility and inability to produce 2,3-butanediol. Despite the fermentative nature of this organism, i t appears to be more closely related to the Pseudomonadaceae than to the Enterobacteriaceae as it produces a water soluble pigment, is oxidase positive, does not produce acid from lactose, is unable to grow at 37' and is highly proteolytic. It conforms to the definition of the family Pseudomonadaceae (Winslow et a2. 1917) so it is suggested that a new genus be formed in the Pseudomonadaceae to accommodate ' B. salmonicida ' and its non-pigmented anaerogenic variant. As both the pigmented and the non-pigmented strains are capable of producing necrotic lesions and in some cases complete liquefaction of the internal organs of salmonids, the generic name Necromonas is proposed. This name is formed from the Greek noun necros a dead body and the Greek noun monas a unit. Necromonas would therefore be defined as M.L. fem. n. necrosis (producing) unit. To distinguish the non-pigmented strain from N . salrnoizicida the species name N . achroinogenes is suggested.
Necromonas could be defined as a non-motile cocco-bacillus found in short chains and clumps of chains. It produces a friable colony and a brown water soluble pigment or no pigment on agar. I n broth the growth is flocculent; i t is oxidase positive; its action on glucose is fermentative but little or no gas accompanies the acid production; it does not produce 2,3-butanediol; it has no action on lactose, it is unable to grow at 37" and it is a fish pathogen.
